Objective: the Barthel Index (BI) has been recommended for the functional assessment of older people but the reliability of the measure for this patient group is uncertain. To investigate this issue we undertook a systematic review to identify relevant studies from which an overview is presented. Method: studies investigating the reliability of the BI were obtained by searching Medline, Cinahl and Embase to January 2003. Screening for potentially relevant papers and data extraction of the studies meeting the inclusion criteria were carried out independently by two researchers. Results: the scope of the 12 studies identified included all the common clinical settings relevant to older people. No study investigated test-retest reliability. Inter-rater reliability was reported as 'fair' to 'moderate' agreement for individual BI items, and a high percentage agreement for the total BI score. However, these findings were difficult to interpret as few studies reported the prevalence of the disability categories for the study populations. There may be considerable inter-observer disagreement (95% CI of ±4 points). There was evidence that the BI might be less reliable in patients with cognitive impairment and when scores obtained by patient interview are compared with patient testing. The role of assessor training and/or guidelines on the reliability of the BI has not been investigated. Conclusions: although the BI is highly recommended, there remain important uncertainties concerning its reliability when used with older people. Further studies are justified to investigate this issue.
Introduction
The Barthel Index (BI) was developed as a measure to assess disability in patients with neuromuscular and musculoskeletal conditions receiving inpatient rehabilitation [1] and has been recommended by the Royal College of Physicians for routine use in the assessment of older people [2] . The index is an ordinal scale comprising ten activities of daily living. The original BI was scored in steps of five points to give a maximum total score of 100. A widely adopted modification to the index by Collin and Wade [3] includes a revised score range of 0-20.
Clinical measurement scales such as the BI need to be reliable: that is scores should be consistent on serial testing in the absence of real change. Several types of reliability should be investigated. Test-retest (intra-rater) reliability evaluates a single assessor's consistency on repeated testing of the same patient. Inter-rater reliability examines the concordance of responses between independent observers assessing the same patient. In clinical practice the BI can be administered in several ways, such as by interview, by observation of the patient's performance in a care setting, or by asking the patient to demonstrate an activity (testing). If scores obtained in different ways are to be compared, their equivalence needs to be demonstrated.
The reliability of the BI has been well documented for stroke patients [4, 5] but less so for older people with other medical or multiple conditions. The objective of this review was to summarise the available evidence for BI reliability for this common group of older people.
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Methods
Studies of BI reliability were identified by searching MEDLINE (1966 to January 2003), EMBASE (1980 to January 2003) and CINAHL (1992 to January 2003) using 'Barthel' and 'Barthel Index' as search terms. The resulting abstracts were inspected for relevance by two researchers and discrepancies resolved by discussion.
Studies examining the reliability of the commonly used version of the BI [1, 3] with a comparison of at least two ratings for the same group of subjects were included. Studies exclusively involving stroke patients or patients aged less than 65 years, and those using other versions of the BI were excluded. Study characteristics and results were extracted from each paper by two independent researchers. Discrepancies were discussed to reach agreement.
Results
Of the 1,857 abstracts identified, 12 studies involving 923 subjects met the inclusion criteria [3, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Five of the 12 studies were based on less than 50 subjects [3, 7, 8, 14, 15] . The studies encompassed different care settings, assessment methods and assessors (Table 1) , and used different statistical methods (Tables 1 and 2 ). The study heterogeneity precluded a meta-analysis and the results are therefore presented as a descriptive summary.
The BI was completed by personal interview in seven studies [3, 10, 11, [13] [14] [15] [16] , by occupational therapist testing in four studies [3, 7, 8, 15] , by observation of day-to-day performance in four studies [6, 9, 11, 12] , by telephone interviews in two studies [10, 16] and by postal self-report in one study [16] . Five publications included details on training of assessors prior to the reliability study. Training varied from none [16] to pre-study training sessions and provision of additional scoring guidelines [7, 8, 10, 13] . None of the studies compared reliability with and without prior training or guidelines. Two investigators using interviews explicitly excluded patients unable to understand English or answer questions [7, 14] . Two others used proxy responses in place of the patient when necessary [10, 16] . No study has investigated the reliability of proxy responses compared to self-reported scores.
We did not find any study investigating test-retest reliability. Inter-rater reliability was examined by simultaneous observed testing [7, 8] and by sequential BI administration using assessors of different professional backgrounds [6, 9, 12, 13] . Three studies compared different methods of administration [10, 15, 16] . The remaining three studies compared assessments performed at different times by assessors with different professional backgrounds using different administration methods [3, 11, 14] and are hence testing three types of reliability simultaneously.
Six studies investigated the reliability of individual BI item scores and reported kappa values in the 'fair' to 'moderate' agreement range (Table 2) . Bowel control appeared to be the most unreliable item with the lowest kappa values in four studies [6, [11] [12] [13] . However, only one study reported the prevalence of bowel continence with the majority (93%) of patients fully continent [13] . This would lead to high chance agreement and consequently a lower kappa value.
All 12 studies examined the reliability of the total BI scores but used various statistical methods (Table 1) . Percentage agreement within two points varied between 70 and 100% [3, 10, 11, 14] . The largest study used the kappa statistic and found 'good' agreement on total scores lying above or below the threshold of 12 (or 18) points [10] .
Three studies [7, 8, 10] used an intraclass correlation coefficient (ICC) that represents a type of weighted kappa with a range from zero ('no agreement') to 1.0 ('perfect agreement') [17] . These studies reported agreement well above the 'accepted minimum' of 0.75 (indicating disagreement in 25% of cases [17] ). Some analysis of variance (ANOVA) methods are equivalent to the ICC but the studies using ANOVA [6, 16] only report 'no significant difference', which makes it difficult to interpret the degree of agreement found.
Three studies [12, 13, 16] used the method recommended by Bland and Altman [18] for assessing reliability. This involves calculating the mean difference of the two BI scores for each patient to identify any systematic bias between the two raters and calculating the 95% confidence interval for these mean differences to indicate the magnitude of random measurement error. Both the mean difference and the 95% confidence interval are expressed in the same units as the scale (0-20 in the case of the BI), which aids interpretation. The three studies using the Bland and Altman method reported mean differences between paired measurements close to zero (implying no systematic bias between the two raters), but the 95% confidence limits were wide (indicating considerable random measurement error).
Pearson's correlation coefficient was used in two studies [9, 14] but merely shows linear correlation, which can be perfect even in the presence of a large systematic bias between raters. Its use as a reliability measure is therefore inappropriate [17] .
The highest agreement for individual items and for total scores was found when comparing raters from a similar background using the same method of administration such as two occupational therapists during simultaneous testing [8] or the observations of nursing assistants and experienced nurses [12] . Conversely agreement was lower when scores from interview were compared with testing [11, 14, 15] . Skruppy [15] found agreement of scores from interview and testing only for those patients who were independent.
The presence of cognitive impairment has an inconsistent effect on reliability, with studies reporting poor agreement of individual BI items [6, 11] and total scores [11] , and one study demonstrating no effect [13] .
Discussion
The BI has become a widely adopted clinical measure of disability. The modest number of studies investigating BI reliability in older people with mixed medical conditions is therefore disappointing. Notable gaps in the literature include the absence of any study investigating test-retest reliability, self-report versus carer-report and the effect of training or guidelines on reliability. Our search criteria were broad and identified a large number of potentially relevant articles. It is therefore unlikely that additional studies have been overlooked. The scope of the 12 studies identified included the various clinical settings in which the BI is commonly used. The summary finding of 'fair' to 'moderate' agreement of individual BI items, and high intraclass correlation coefficients of total BI scores obtained by different interview methods (e.g. postal questionnaire, telephone or face-to-face), or by testing with different observers, is reassuring. However, there are several caveats that apply to this conclusion. Firstly, the BI may be less reliable in patients with cognitive impairment and when scores obtained by interview are compared to scores obtained by testing, but the available studies addressing these issues are too small and diverse for robust conclusions.
Secondly, reliability of the BI is influenced by the degree of disability in the population examined and is higher in subjects who are independent [3, 15] . Scoring of individual items may be least reliable when patients' scores lie in the middle categories [3] or when greater disability is present [10] . Only two studies reported the prevalence of disability in their patients [13, 15] . Therefore the effect on the results cannot be estimated.
Lastly, the demonstration of reliability is dependent on the choice of statistical methods. Although there are several statistical methods available to investigate reliability, there is no consensus on the preferred approach [17, 19] . Most studies used several different statistical methods owing to this lack of consensus.
However, some studies used inappropriate methods based on parametric correlation statistics [9, 14] , or comparisons of group means [6, 9, 14, see Table 1 ]. High percentage agreement between raters [3, 10, 11, 14] does not preclude systematic over-or under-rating by one assessor. Simplification of data such as the use of threshold scores by Korner-Bitensky [10] can mask differences in reliability.
Kappa and ICC are acceptable for measuring agreement. They reach higher numerical values when there is a wide range of different scores in the patient group studied [17] . Some studies did not provide the range of scores in their patient group [6, 8] , making interpretation of their results difficult. The value of ICC or kappa, which constitutes adequate reliability, is ambiguous and depends on the clinical context in which the measure is used [17] .
Studies using the Bland and Altman method [12, 13, 16] showed little systematic bias but a clinically worrying imprecision with a 95% confidence interval of ±4 points or more in a 20 point score instrument. This is partly due to the small sample size of the studies involved. It is of concern that the BI has become so widely adopted for use with older people in the face of this imprecision. Ideally, a sufficiently large repeatability study based on older people with mixed chronic medical conditions (multiple pathology) is required to investigate this further. Additionally, important questions relating to supporting guidance and/or training (with the attendant resource implications) have yet to be adequately addressed.
Key points
• The reliability of the BI has been investigated in the major clinical settings relevant to older people.
• The BI was found to be reliable when administered by face-to-face interview and by telephone (ICC 0.89) and on testing by different observers (ICC 0.95-0.97) but has a considerable imprecision (95% CI of ±4 points).
• The individual studies address different aspects of reliability and use various different statistics, limiting comparability.
• Test-retest reliability has not been investigated on older people with multiple diagnoses.
• A large repeatability study on patients with multiple diagnoses is required to investigate the inter-observer disagreement demonstrated with the Bland and Altman method and to clarify the importance of assessor training. 
